The deep resistivity structure was estimated along a 400-km profile in central Poland crossing the Malopolska Massif (MM), the Lysogory Unit (LU), the Trans-European Suture Zone (TESZ) and ending at the East European Craton (EEC). Magnetotelluric transfer functions, corresponding to 20 sites, were supplemented by magnetovariational responses obtained at the geomagnetic observatories situated at the same tectonic units. Such a combination made it possible to extend the initial period range, which is from fractions of a second to several hours, up to months in order to reliably cover crustal and upper-mantle depths. The geoelectrical structures, revealed using 2-D inversions, do not contradict the known features of the lithosphere structure determined using seismic and gravity data along the profile.
I N T RO D U C T I O N
The Trans-European Suture Zone (TESZ) is a major lithospheric boundary, stretching from the Black Sea in the southeast to the British Isles in the northwest (Dadlez et al. 1994; Pharaoh 1999) . In a general sense, it can be correlated with the Appalachian orogen in North America (Keller & Hatcher 1999) . In Poland, the TESZ separates the Precambrian East-European Craton (EEC) from younger, Phanerozoic tectonic structures (Fig. 1) . Seismic results obtained from the POLONAISE'97 project enabled insight into the deep structure of the TESZ in Poland (Guterch et al. 1999) . It was established that this zone can be traced at least down to the Moho (30-50 km). Crystalline basement depression and significant Moho depth gradient were revealed here, and evidence for the southwestern extension of the lower crust of the EEC beneath the younger structures was also found (Grad et al. 2003) . The international seismic project CELEBRATION 2000 was planned to extend the investigation depth to 50-100 km (Guterch et al. 2001) .
Seismic tomography results (Zielhuis & Nolet 1994) show that low S-wave velocities are a characteristic feature of the upper mantle beneath Phanerozoic Europe, while higher S-wave velocities occur beneath the EEC. The abrupt change of these velocities coincides with the boundary of the TESZ and EEC. This boundary is also clearly visible on gravity and magnetic field maps (Krolikowski et al. 1999; Wybraniec 1999) . The analysis of heat flow data on Polish territory shows that it gradually increases when we move from the EEC to the younger structures in the southwest (Plewa et al. 1995; Gordienko & Zavgorodnaya 1996; Majorowicz 2004) .
Studies of magnetic field variations in Poland were initiated by J. Jankowski in 1960. They led to the discovery of two conductive anomalies. The first one is associated with the TESZ and is located in the upper crust of northwestern Poland (Jankowski 1967) . It was traced using induction arrows and its nature was explained by the sediments of the Polish Basin (Jankowski 1965) . The second one is the Carpathian conductive anomaly, and its induction studies were performed in Poland and in other countries (Rokityanskiy et al. 1975; Jankowski et al. 1985) .
Numerous magnetotelluric (MT) soundings were performed by the Geophysical Research Enterprise of Warsaw. However, these studies focused on the depth of the crystalline basement. Investigation of deep structures started from an analysis of data obtained at the Polish geomagnetic observatory of Belsk (Schmucker & Jankowski 1971) . Later, MT soundings were carried out along several regional profiles, including the Tatra Mountains (Ernst et al. 1997) , Holy Cross Mountains (Semenov et al. 1998) , TESZ in southeastern Poland (Ernst et al. 2002) and EEC (Semenov et al. 2002; Jankowski et al. 2004) . The results of soundings performed along seismic profile P4 of the POLONAISE'97 project have just been analysed (Semenov & Jozwiak 2005) .
Recently, electromagnetic measurements were performed within two international projects to study the resistivity structure of the TESZ. In the Central Europe Mantle geoElectrical Structure (CEMES) project, deep electromagnetic soundings were performed at 14 geomagnetic observatories situated in the TESZ and its vicinity in nine countries (Semenov et al. 2003) . Detailed MT observations were performed along several profiles in northwestern Poland within the EMTESZ-Pomerania project (Varentsov et al. 2004) .
In this paper, we discuss the construction of a resistivity model for the TESZ and its surroundings in central Poland. To this end we consider a 400-km-long profile that stretches from the Carpathians in the southwest to the EEC in the northeast (Fig. 1) . From southwest to northeast, the profile runs from the Malopolska Massif (MM) through the Lysogory Unit (LU) and several subsurface units north of the Lublin trough, as to Krakow-Ratno horst and Podlaskie trough, ending with the thin sediments in the Mazursko-Belarusian anticline. It roughly coincides with seismic profile C01 deployed during the CELEBRATION project. The results of these seismic studies, with detailed geological and geophysical information about the area, are presented in (Sroda et al. 2006) . The interpretation of gravity and magnetic data had been performed previously along approximately the same profile and increased magnetic and density properties were revealed in the southwest of the TESZ (Grabowska & Bojdys 2001) .
The southwestern 10 sites of the MT profile were deployed in 1994-1995, and the northeastern 10 sites were deployed in 2000. These two data sets were previously interpreted separately. The interpretation of the first data set provided only a rough idea of the deep resistivity structure of the TESZ, as the appropriate profile reaches this zone but does not cross it, being a study of the Holy Cross Mountains region (Semenov et al. 1998) . The second data set had the same problem, as it was obtained to study the EEC; besides, its analysis focused only on either shallow or deep structures, and high-frequency data were not used (Semenov et al. 2002; Jankowski et al. 2004) . Now, we present the results of joint interpretation of all these data targeted at constructing a resistivity model of the TESZ. To obtain more reliable results at upper-mantle depths, we also consider the results of magnetovariational soundings performed at the nearest geomagnetic observatories.
Equipment designed at the Belsk observatory was used to obtain data (Marianiuk 1977 (Marianiuk , 2000 . Telluric lines approximately 100 m long were used for electric field measurements. The magnetic field was measured using three-component quartz magnetometers at low frequencies (sampling interval 1 s). The duration of each deep sounding was about 3 weeks. At the 10 northeastern sites, highfrequency horizontal field components were also recorded using induction coils (sampling interval 0.005 s). In this paper, we consider transfer functions estimated using the frequency-domain processing technique (Semenov & Kaikkonen 1986 ). Magnetic field responses had previously been compared with results obtained using the time domain technique (Wieladek & Ernst 1977 ) and the agreement was good.
D ATA A N A LY S I S
The general purpose of the data analysis is to construct a data set to be used in further interpretation. As it is not expedient to perform 3-D inversion of data obtained along one profile, and to include local near-surface inhomogeneities into the interpretational model, we first needed to estimate the applicability of 1-D and 2-D approximations and to evaluate near-surface distortions.
We will operate with impedance [Z] and tipper [W ] matrices with their complex components characterizing resistivity distribution in the Earth and satisfying the equations for complex amplitudes of electromagnetic field components:
where E X and E Y are horizontal electric field components, H X and H Y are horizontal and H Z is the vertical magnetic field component. Throughout this paper we use a coordinate system in which the X -axis is directed north and Y -axis is directed east. A factor exp (−iωt) is assumed here for time-varying functions.
For the convenience of further analysis and inversion, MT transfer functions were recalculated to a uniform and common for all sites grid of periods using a robust smoothing method. As an example, the phases and magnitudes of impedance components Z XY and Z YX , corresponding to sites 01 (situated at MM) and 14 (situated at EEC), are presented in Fig. 2 . In general, the quality of the impedance data is not high because the electric field is disturbed by industrial noise, primarily created by electrified railroads (Larsen et al. 1996; Aleksanova et al. 2003) . We were not able to obtain impedance transfer functions at sites 07 and 08, located close to the LU-TESZ boundary. At the same time, tipper components, constructed using only magnetic fields, were estimated with high accuracy. One way to evaluate the applicability of 1-D and 2-D approximations and the level of near-surface distortions is to consider the heterogeneity parameter N (Berdichevsky & Dmitriev 2002) , the asymmetry parameter skew (Swift 1967 ) and the phasesensitive asymmetry parameter η (Bahr 1988) . We constructed these by using impedance components according to the following formulas: Pseudo-cross-sections of parameters N, skew and η are presented in Fig. 3 (note that we have short-period data only in the northeastern part of the profile). We see a striking difference between the southwestern 130 km and the remainder of the profile. In and near the LU, the N values are large. This is similar to the pattern for skew, especially at long periods. Increased η values correspond to the longest periods, in the LU they cover almost the whole period range and achieve a maximum. Obviously, 1-D approximation is not applicable here, and we could also have problems with a 2-D approach in the LU and at the long periods in the MM and southwestern TESZ.
In the northeastern TESZ and in the EEC all parameters have small values, indicating the absence of strong horizontal inhomogeneities. There are only two exceptions. First, at the longest periods N has larger values. Second, increased values of all parameters are observed at rather short periods on the northeastern edge of the profile, where the Mazursko-Belarusian anticline is located. However, in general, 2-D approximation seems to be suitable and 1-D approximation is valid for short-period data in this part of the profile.
Concluding the heterogeneity and asymmetry parameters analysis, we can say there is a limited application for 1-D approaches (at short periods and with lower accuracy at long periods at the EEC), and 2-D structures seem to explain most of the impedance data, excluding LU and the adjacent sites. Through most of the profile the parameters change smoothly from site to site, evidence of the minimal influence of near-surface distortions. This is not true only at the LU, where near-surface inhomogeneities may be present.
These conclusions can be verified using impedance polar diagrams and induction arrows. Additionally, they will show the strike of the resistivity structures. Let us first consider impedance magnitude diagrams (Berdichevsky & Dmitriev 2002) . In the 1-D case, the main impedance diagram is a circle and the additional impedance diagram contracts into a point. Above the 2-D medium, the main impedance diagrams are elongated along or across the strike and are symmetric with respect to these directions. The additional impedance diagram in the 2-D case consists of four equal leaves, zero additional impedance values correspond to directions along and across the strike. The impedance magnitude diagrams along our profile are presented in Fig. 4 . At the EEC, the main impedance diagrams are weakly elongated, especially at short periods, and additional impedance diagrams are small. The diagrams slowly vary along the profile, confirming the absence of strong local distortions. In the southwest, most of the main impedance diagrams are strongly asymmetric and additional impedance diagrams are large. At some sites the diagrams are period-dependent but at others they are not. Sometimes their form and orientation do not change from site to site, but at several sites they become essentially different. This complex behaviour probably reflects the influence of both near-surface and larger-scale 3-D inhomogeneities.
Fig. 5 presents impedance phase diagrams. In the 1-D case such diagrams are circles, and for the 2-D medium they stretch along or across the strike of the structures. At most of the sites the diagrams differ from a circle as the period increases. In the southwest, they sometimes abruptly vary from site to site, while at the EEC such variations are small. In the MM, LU and partly TESZ, the phase diagrams are primarily elongated in the northwestern or northeastern directions. At the EEC, the direction of the long axis of the diagrams is between northeast and east. The behaviour of the phase diagrams is close to that of the main impedance magnitude diagrams.
Polar diagrams, being generally elongated across or along the profile, allow us to assume that 2-D interpretation is possible. Low manifestation of near-surface distortions (except for LU) means it is not necessary to apply data normalization or decomposition.
For further 2-D inversion we need to select the principal directions (Swift 1967; Eggers 1982; Bahr 1988; Groom & Bailey 1989) . We understand them as the directions in which additional (minor) impedance components vanish. It is important that apparent resistivity can be calculated with no ambiguity in these directions, because formulas obtained, for example, for isotropic and anisotropic halfspaces, coincide in this case (Semenov 2000) . The principal directions of impedance matrix were selected using the minima of the additional impedance polar diagrams at the largest period and used for shorter periods as well. One of them, roughly perpendicular to the profile and parallel to resistivity structures, is considered as quasi-longitudinal, and the other one, roughly parallel to the profile and perpendicular to the structures is considered as quasi-transversal. Quasi-longitudinal directions are presented in Figs 4 and 5. They coincide well with one of the main impedance diagram axes and with one of the phase polar diagram axes. Fig. 6 presents the map of induction arrows. Real induction arrows show the direction from conductive to resistive structures (so-called Wiese convention). Imaginary induction arrows are collinear with them, in the case of the 2-D medium. In the MM at long periods, induction arrows are small and their direction is chaotic. In the LU they do not increase but the orientation of real induction arrows becomes regular and they mostly point south. In the TESZ at short periods, they point west, but at long periods they are mostly oriented northeast and are also very small. At the EEC, real induction arrows are large and oriented towards the northeast. As at most of the sites, real induction arrows run approximately along the profile and the imaginary ones are roughly collinear to them, the induction arrows provide evidence for the predominant influence of 2-D regional structures. It seems that in our case tipper satisfies 2-D approximation better than impedance.
2-D modelling provides transfer functions in two directionslongitudinal and transversal to structures; it is also assumed that the profile is orthogonal to their strike. To obtain transfer functions for the 2-D interpretation, we rotated the impedance matrix to match the selected principal directions. We also projected induction arrows to the profile azimuth, which is about 30
• clockwise for the 11 southwestern sites and 40
• for the nine northeastern sites. After the rotation we obtain three complex transfer functions for further analysis. The first one is quasi-transversal impedance Z TM , corresponding to currents flowing across the structures (it includes transverse electric and longitudinal magnetic field). 
D ATA I N V E R S I O N
The reliable information about resistivity structures can be incorporated into a prior model to be used in the 2-D inversion. Our prior model includes near-surface conductive structures, the homogeneous crust with Carpathian conductivity anomaly, and the upper mantle with resistivity varying in the vertical direction (Fig. 11) .
Resistivity variations with depth in the upper mantle was determined as a result of interpretation of the combined curves of MT and magnetovariational (MV) soundings performed in observatories. The following parameters, applicable for the survey area, are used: resistivity ρ = 400 m down to 150 km depth, ρ = 25 m to 210 km, ρ = 100 m to 420 km, ρ = 10 m to 670 km, 0.5 m below that (Semenov et al. 1998) .
Subsurface sediments essentially influence long-period data, and we inserted them into our model to separate the effects of nearsurface and deep anomalies. Sedimentary structures can be studied using short-period MT data. Data analysis showed that we can interpret it applying the 1-D approach. We use a layered inversion code to fit the short-period determinant apparent resistivity and impedance phase curves: (Berdichevsky & Dmitriev 2002) . At the EEC, the thickness of the sediments is well known (Znosko 1998) and was used as the constraint during the inversion.
The result is incorporated into the prior model, which is shown in Fig. 11 together with the graph of sediments conductance S. At the EEC, the sediments are described by two layers, the lower one having a lower resistivity. Two more layers were added in the zone of maximal conductance. In the southwestern part of the profile we do not have high-frequency data, and near-surface conductive rocks are described by one layer.
The Carpathian conductivity anomaly, responsible for the large induction arrows radiating from it, is situated in the south, outside of the profile (Jankowski 1967; Rokityanskiy et al. 1975; Jankowski et al. 1985; Ernst et al. 2002) . Strangely, we do not observe large induction arrows in the southern part of our profile. However, this situation is not typical for Carpathian surroundings, and therefore, does not mean the absence of the Carpathian anomaly's influence. It can be explained by the presence of conductive anomaly inside the profile, compensating this influence.
For the 2-D interpretation we use ρ TM , ρ TE , ϕ TM , ϕ TE , Re (W TE ) and Im (W TE ) in the period range between 1 and 10 000 s. As this may not allow us to study the asthenosphere without ambiguity, we supplement these data with long period curves of deep soundings, performed at the observatories. We use the results, obtained at the nearest observatories HRB (Hurbanovo, Slovakia), BEL (Belsk, Poland) and MNK (Minsk, Belarus) . Results obtained at HRB were added to data from site 01, at BEL-to data from sites 10 and 11, at MNK-to data from site 20, so between these sites horizontal variations of deep resistivity structure were possible. For each deep sounding only one apparent resistivity and one impedance phase long-period curve can be derived because of the source of initial magnetic field (Fujii & Schultz 2002) . These curves correspond to local geomagnetic longitude for Dst variations and are not attributed to any direction for Sq variations, being considered as effective responses (Semenov & Jozwiak 2005) . During the inversion we use them as longitudinal curves and give them large weights to make the ρ TE and ϕ TE model responses approach them as the periods increase.
The data components (quasi-transversal impedance Z TM , quasilongitudinal impedance Z TE , tipper W TE ) may significantly differ in sensitivity to resistive and conductive structures, in robustness to 3-D distortions, and even in tolerance to industrial electromagnetic noise. It is important to take this into account during interpretation. As discussed before, in our case the tipper data are of good quality and satisfies the 2-D approximation well. It also has high sensitivity to conductive inhomogeneities. Therefore, we give greater priority to W TE . However, it is less sensitive to subhorizontal structures. In order to obtain a resistivity model with a more or less properly layered structure we need to use impedance data, which have higher sensitivity to vertical variations of resistivity. Unfortunately, as stated above, the impedance data quality is lower and 3-D distortions are present at some sites. Thus, we treat Z TM and Z TE with less confidence (especially the latter, as 2-D modelling cannot explain its galvanic distortions), and primarily to roughly control the layered structure.
We use two types of software for 2-D data interpretation. First, we apply the smoothed-structure inversion code REBOCC (Siripunvaraporn & Egbert 2000) to reveal major resistivity anomalies. Then we move on to a program working with piecewise-uniform models, which is a convenient tool for introducing details and making the resistivity model compatible with geological and other geophysical data (Wieladek et al. 1981; Nowozynski & Pushkarev 2001) .
The REBOCC software constructs a resistivity model which is consistent with observed data and the prior model and which has smooth variations of resistivity. Note that no resistivities were fixed, so all the prior structures were corrected during the inversion. Separate inversions of different data components were performed first (observatory data were also used in each inversion). We were unable to obtain small misfit and a plausible model inverting Z TE , probably because of its galvanic distortions (in particular, distortions developed only in low-frequency range, and therefore, significantly modifying the shapes of apparent resistivity curves). The results of separate inversions of Z TM and W TE using the prior model considered above are presented in Fig. 12 (cross-sections of the shallow and deep parts of both models are shown). The misfit is characterized by rms = 2.4 for Z TM and rms = 0.7 for W TE . Some features are common to both results: that the EEC has the most resistive lithosphere and the conductivity at 150-200 km depth beneath the edge of the EEC is large but decreases to northeast. The most striking difference between these two models occurs with respect to the crust of the LU. It is resistive according to Z TM , probably because of high sensitivity of this component to resistive structures and low sensitivity to isolated local conductive structures. The sensitivity of W TE is just the opposite and the inversion result demonstrates this perfectly. W TE revealed a small conductive structure beneath the LU and a deeper one closer to the southeast, however together they can be considered as parts of an inclined and rather thin structure.
We also performed a joint inversion of Z TM and W TE data, giving the tipper values a larger weight. The resulting cross-section is presented in Fig. 13 , the corresponding rms = 1.6. The model includes a conductive anomaly mainly at crustal depth in the northeastern part of the LU. This was also revealed by separate W TE inversion, but now it appears as a single subvertical structure, possibly because of greater smoothing. Another anomalous zone, although less evident, can be found at the EEC. Here the near-surface conductance increased between 250 and 300 km of the profile, and a deep low resistivity zone is also present. These features can also be seen on the cross-sections obtained during separate inversions of Z TM and W TE . It is also clearly seen that the conductivity at 150-200 km depth beneath the northeastern part of the profile is smaller, than beneath the other structures. REBOCC inversion allowed us to reveal major anomalies in the crust and upper mantle. Using this information, we applied interactive 2-D interpretational software, based on piecewise-uniform resistivity distribution (Nowozynski & Pushkarev 2001) , to obtain a cross-section which is more detailed and more realistic from a geological point of view. At this stage, the major anomalies revealed by REBOCC inversion were approximated by rectangular blocks, and added to the structures of the starting model, presented in Fig. 11 . This blocky model was manually adjusted (mainly using forward modelling function) in order to fit all the data (W TM , Z TM and Z TE ) as far as possible, and at the same time to comply with the geological information. The result is presented in Fig. 14 (note that the vertical scale changes at 10 km). We would like to emphasize, that although this resistivity model is more detailed, than REBOCC inversion results, it includes only blocks, which influence the model response significantly.
The corresponding pseudo-cross-sections, showing the residuals between observed and modelled data, are presented in Figs 15-17. The misfit is small for tipper components, as they were given the greatest priority. Only high-frequency data, especially in the southwest, and a small long-period anomaly at the TESZ cause some discrepancy. The data fit is generally not bad for transverse apparent resistivity data, at least there are no large zones of systematic discrepancies between model and experiment. It is worse for the transverse phase and especially for longitudinal impedance, the latter probably because of 3-D galvanic distortions. The model is in good agreement with long-period geomagnetic observatory data (Fig. 18 ), allowing to suppose that the estimation of upper-mantle conductivity is reliable.
D I S C U S S I O N A N D C O N C L U S I O N S
Let us consider the resulting resistivity cross-section along the profile (Fig. 14) in detail. The Carpathian anomaly is present in our model but not shown, as it is situated outside the profile. As lowfrequency electromagnetic field generally does not allow estimating the positions of resistivity boundaries with high precision (as boundary positions in the seismic method), the model is schematic and the blocks have rectangular shapes. It should be understood that sharp boundaries between resistivity blocks stem from numerical modelling techniques and should not be interpreted directly in terms of geological units. The shallow part of the model in the southwest is formed by conductive sediments of MM. Below them there are some more resistive metamorphic rocks with their lower boundary at 8 km depth. Beneath the LU, these rocks are characterized by a more complicated structure. The southwestern part of the LU is more conductive than the northeastern section, especially in the depth range of about 5-8 km. This can be explained by different though largely unknown factors, such as differences in petrologic composition, water content, metamorphism, or different bedding of anisotropic rocks (e.g. subhorizontal in the southwest and subvertical in the northeast). A deep conductive fault is present in the northeastern LU (known as the Holy Cross fault), its low resistivity being evidence that it is graphitized or fluid-saturated, or both. Beneath the TESZ, at the depth of 3-8 km, low resistivity complex of presumably sedimentary rocks may be identified. These structures are also present in the resistivity model, previously constructed using only data from 10 southwestern sites (Semenov et al. 1998 ).
Further to the northeast, tectonic structure becomes less complicated, the thickness of the sediments is better known from previous geological and geophysical studies (Znosko 1998) , and therefore, this thickness is given with more details. Between 160 and 220 km of the profile there is a Lublin trough, presumably filled with SilurianCarboniferous sediments. The very low resistivity of its central part can theoretically be explained by a high content of mineralized water or graphite, but it should be treated with less confidence, as its presence is necessary to fit the data at only one solitary site. These rocks are covered by Permian-Cretaceous sediments that stretch far inside the EEC. They consist of two layers, the lower being more conductive probably because it is saturated with mineralized water.
Between 250 and 270 km of the profile we introduce a deep subvertical crustal anomaly, which can be interpreted as a fault zone. Unlike the one in the northeast part of the LU, this one was not well imaged by the REBOCC inversion. However, a model with this feature provides a better data fit and allows us to avoid inserting small and very conductive geological bodies within the sediments (Fig. 13) , which might be difficult to explain from a geological point of view. Deep conductive faults are typical to TESZ, two are proposed to occur in southeast Poland (Ernst et al. 2002) , and one is reported in Sweden (Smirnov & Pedersen 2005) . However, a different way of interpretation of the considered conductive anomaly may be possible, as there is no certain evidence for presence of fault here in other geological and geophysical data. The underlying upper crust may be considered consolidated, since it has a resistivity of the order of 10 000 m, which is in accordance with the estimates for Belarus (Fainberg et al. 1998) , which is close to the northeastern end of our profile. Below 10 km the resistivity gradually decreases. Two fractures penetrate through the crust down to 50 km depth. In the upper mantle at approximately 150-210 km depth, the resistivity significantly increases beneath the EEC. The upper-mantle conductance increase from the EEC to TESZ had been conjectured before using data from the 10 northeastern sites (Semenov et al. 2002) . And in a study based on data from 10 southwestern sites, a conductive anomaly in the lower crust was considered beneath the TESZ instead of the laterally inhomogeneous mantle, probably because of insufficient data at the opposite side of the TESZ (Semenov et al. 1998) .
It is important to make sure that the response of the revealed conductivity anomalies is significant. We performed several sensitivity tests, some results are presented in Figs 19 and 20. The former figure presents observed and modelled Re (W TE ) values at 136 s periods. Dashed curves show how the modelled data changes if we remove the deep fault at the boundary between LU and TESZ or at the EEC (increase their resistivity to 1000 m). Obviously the data fit becomes much worse if we remove one of these conductive features. Another important part of our model is the increase of resistivity at the EEC in the 150-210 km depth range. Comparing the discussed resistivity model (Fig. 14) with the seismic results obtained along the profile C01 of the CELEBRATION project (Sroda et al. 2006) , roughly coinciding with our profile, we see some common features. The conductive depression between 160 and 220 km appears as a low-velocity (5.20 km s −1 ) zone. Below it, between deep conductive faults, there is a high-velocity (7.15 km s −1 ) anomaly, reaching 30 km depth. A wide low-velocity (5.85 km s −1 ) zone is present beneath the LU, but it reaches 20 km. The Moho boundary is at 40 km depth at the EEC and TESZ and goes up to 30 km at the MM, but we do not see it in our model as this boundary does not have contrasting in resistivity. The asthenosphere depth is not reached by the CELEBRATION study. However, as discussed in the introduction, deep seismic tomography data allowed us to estimate that S-wave velocities in the upper mantle are higher beneath the EEC than at the Phanerozoic Europe (Zielhuis & Nolet 1994) . And geothermal modelling shows that temperature beneath the EEC is lower, especially at upper-mantle depths (Majorowicz 2004) . Although a resistivity increase at 150-210 km depth is introduced in our model, this can be interpreted both as the decrease of the asthenosphere conductance or its dipping. The latter does not contradict the seismic data, indicating that the thickness of the continental lithosphere can reach 250 km (Gung et al. 2003) .
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